) 955-0196 chronic non-communicable diseases in low-and middle-income countries (4,5), a symptom of the widely-discussed "nutrition transition" (6).
INTRODUCTION
Undernutrition is a major cause of morbidity and mortality in low-and middle-income countries throughout the world and is estimated to affect 41% of the population of Nepal, with one of the highest rates in South Asia (1) . Undernutrition in settings, like Nepal, may result from poor dietary quality and diversity, which can be attributed to limited food availability and access (2) . Food availability in Nepal is constrained by population growth, low agricultural productivity, small land holdings, limited capital for farm improvements (3) , and factors that inhibit access to food at the household and individual levels for poverty and food insecurity. Food insecurity is associated with poor health consequences in diverse settings and may be associated with increased risk of both undernutrition and multiseason intakes in relation to chronic disease refocus attention on the need to assess the role of seasonality in dietary patterns in these settings.
Seasonal Dietary Intakes and Socioeconomic Status among Women in the Terai of Nepal
In this paper, we present findings on dietary intake from an approximately 10-year follow-up assessment of a large cohort of women of reproductive age, who participated in a field trial on vitamin A or beta-carotene supplementation between 1993 and 1997. The study presents an opportunity to characterize the typical year-round and seasonal diets of women in an east-central Terai district of Nepal and examines variation in diet by locally-defined levels of socioeconomic status. The study also advances the potential to assess the usual intakes by adults in settings with highly seasonal dietary patterns with a single-administration questionnaire by incorporating information from the annual agricultural calendar to guide recall of intake frequencies for foods when in season.
MATERIALS AND METHODS

Setting
This dietary study was conducted in 2006-2008 among women of reproductive age living in Sarlahi district located in the southern plains (Terai) of Nepal. The subjects were members of a cohort that participated in a large maternal vitamin A or beta-carotene supplementation trial that took place from 1993 to 1997 (13) . All women who participated in the original trial and continued to live in the study area at the time of follow-up were eligible to participate. The initial trial was approved by the Nepal Health Research Council (Kathmandu, Nepal), the Joint Committee on Clinical Investigation, Johns Hopkins School of Medicine (Baltimore, MD, USA), and the Teratology Society (Bethesda, MD, USA). The follow-up study was approved by the institutional review boards of the Johns Hopkins University and the Institute of Medicine, Tribhuvan University (Kathmandu, Nepal). Verbal consent was obtained from the women at the time of the follow-up interview.
Dietary assessment
An interviewer-administered food frequency questionnaire (FFQ) was developed specifically for this study. A total of 31 commonly-consumed foods were included in the questionnaire based on previous experience with dietary assessment in this population and focus group discussions conducted with female project staff (Table 1) . Additionally, 28 fruits and vegetables separated into 10 'year-round foods' that are available at a stable quantity and price throughout the year and 18 'seasonal foods' that are available only during specific times of the year, based on data collected from the project staff who resided in the study area, were included in the questionnaire (Figure 1 ). Women were asked to report the usual frequency with which they consumed each food listed in the year preceding the interview, using day, week, month, or year as the unit. The same list of foods then was repeated, and the women were asked how many times they consumed each food in the seven days preceding the interview. In this analysis, only data from the past seven-day consumption frequencies were used.
Assessment of covariates
During the follow-up study, trained interviewers visited each participant's house to collect data about her socioeconomic status, including household possessions, land ownership, physical quality of the house structure, the family's caste, and demographic characteristics, such as age, number of livebirths, level of education achieved, and literacy level. Mid-upper arm-circumference (MUAC), a reliable indicator of long-term nutritional status (14) , was measured by the interviewers at the time of the home visit on the bare left arm, using a Ross insertion tape with standard protocol (15) . Interviewers were specially trained in anthropometry procedures and were retrained periodically throughout the study to ensure standardization of measurements.
Indicators of socioeconomic status were selected for use in this analysis based on previously-published studies from the NNIPS-2 trial (16, 17) . Variables were dichotomized (yes/no) for possessions and house construction and simplified into categories for land ownership and caste. Demographic variables were also dichotomized or categorized. As has been done previously in this cohort, MUAC was dichotomized as greater than versus less than or equal to 21.5 cm (18) .
Analytical procedures
Prior to analysis, values above the 99th percentile of consumption frequency for each food item were recoded as missing and excluded from the analysis. A mean of 39.4 (of a sample of 15,899) was coded as missing per food, and no food had more than 233 outliers (1.5% of the study population). Individual outlying observations were dropped rather than excluding the participant from the analysis because food frequencies were not converted to total macro-or micronutrient consumption, and very few participants had outlying intake values for (19) . Some food-groups were combined and names changed accordingly in cases where small numbers of foods from each group were included in the questionnaire, and their consumption patterns were similar. Some previously-assigned in-season periods were amended during analysis based on agricultural data contradicting the original seasonal delineations. Interviews conducted within the in-season period for each food were used in calculating the distribution of in-season consumption of that food, and interviews conducted not during the in-season period were used in measuring the out-of-season intake. 
Statistical analysis
RESULTS
Sociodemographic characteristics
A total of 16,320 women were recruited to participate in this study: 421 women were excluded from the present analysis because they reported being pregnant when the dietary questionnaire was administered, leaving a sample-size of 15,899. Most women were between 30 and 39 years of age (57.9%) ( Table 2 ) and belonged to households that owned land (77.1%) and one or more cows or goats (85.7%). Only 19.5% of women lived in houses with cemented walls, a sign of wealthier status. The rate of literacy was 15.1%, and 28.9% were classified as thin based on mid-upper arm-circumference ≤21.5 cm. Socioeconomic status of the studied women was comparable across seasons of interview (data not shown).
Year-round foods
Figure 2 reveals that the median weekly intakes of foods categorized apriori as available year-round were stable throughout the year as reported by women interviewed across different calendar months. A uniform intake frequency was evident for some food-groups while others, such as pulses, legumes and nuts, green leafy vegetables, and other year-round vegetables and tubers displayed some seasonal variation throughout the year.
Among the year-round foods, cereal and cereal products were reportedly consumed a median of 14 (IQR 13-17) times per week, and, among individual items, rice was most frequently eaten [13 (7-13) (Table 3) . Potatoes and pulses, legumes and nuts were often consumed with median intakes of 10 (5-13) and 6 (2-9) times respectively during the preceding week. On the other hand, foods of animal source, such as milk and milk products, were far less consumed [3 (0-9) times in the previous week], with one-fourth of the study population reporting eating none. Foods from the meat, egg, and fish products group were infrequently eaten, 1 (0-2) time per week, with median intake of individual meats being zero. Year-round vegetables were reportedly eaten 4 (2-7) times per week, with green leafy vegetables accounting for half [2 (0-4)] of those consumed. When food-groups were disaggregated, most individual foods investigated had median intakes of zero, with only small percentages of study subjects consuming any. The minimum intake of each year-round food-group was also zero, consistent with a minute fraction of all respondents (<0.1%) not consuming foods in each group the previous week.
Seasonal foods
Consumption of most seasonal fruits and vegetables was low, even in season (Table 4) . Women regularly consumed only tomato and cauliflower when in season, reflected by a median intake frequency of twice weekly for each (IQR: 0-7 and 0-5 respectively). Minimum and maximum frequencies of intake were comparable in and out-of-season for listed vegetables and fruits, with seasonal variation driven almost entirely by differences across the 75th to 95th percentiles (Mann-Whitney tests of equality of food-specific seasonal distributions, p<0.0001). For all seasonal vegetables and fruits, more women reported consuming each at least once during an in-season interview compared to interviews that were conducted out-of-season, with differences being statistically significant ( Figure 3 ).
Socioeconomic status (SES) and diet
Most foods, whether available year-round or seasonally, were eaten more often by women of higher socioeconomic standing, reflected by caste, literacy, land and livestock ownership, house construction, and size of arm-circumference (Table 5) . Exceptions were cereal and cereal products and fats and edible oils, which were regularly consumed (13-14 times per week) across the socioeconomic gradients, and meat, egg, and fish products, which were rarely consumed (~1 time per week), irrespective of SES. Consumption of milk and milk products especially varied by SES, with literate women consuming milk items a median of 5 (IQR 1-13) versus 0 (0-2) times among non-literate respondents. Women living in houses with cemented walls and in lowerquality houses reportedly consumed milk products 7 (2-14) times versus 2 (0-8) times in the previous week respectively. Intake of pulses, legumes and nuts, tubers, and miscellaneous foods also tracked SES. Table 6 (A-F) shows that some individual foods, such as dried soybean balls (maseura) and corn, were more frequently consumed by women of lower means, with differences being statistically significant for most SES indicators.
DISCUSSION
Our findings indicate that, while rural women in the poor, central Terai region of Nepal were con- 
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suming staple foods, such as rice, potatoes, daal (lentils), and vegetable oil twice daily, irrespective of wealth; intakes of vegetables, fruits, and animal products were far less frequent, especially among women of lower socioeconomic means. Intake frequencies of seasonal foods rose in season but mostly among women of higher socioeconomic status. Women of lower socioeconomic status consumed less pulses, legumes and nuts, milk and milk products, tubers, year-round fruits and vegetables, and miscellaneous snacks than women of higher means. Very low intakes of dietary varieties and infrequent vegetable, fruit, and meat have been observed previously in the Terai and elsewhere in rural Nepal and northern India (20) (21) (22) and are likely responsible for observed insufficient micronutrient intakes and deficiencies in those settings (22, 23) . In this population, more than 50% of women were thin by arm-circumference assessment (≤21.5 cm), reflecting a chronic state of wasting malnutrition (13) . Our findings agree with those from rural Bangladesh where intakes of non-staple and animal-source foods are positively associated with SES (24, 25) .
Although median intake frequencies of in-season foods rose among women of higher socioeconomic status, intakes of seasonal fruits and vegetables were, nonetheless, extremely low, with most usual intake frequencies remaining nil. Seasonally, higher intakes were only evident among most-frequent consumers, evident only at or above the 75th percentiles of intake. The sole exceptions were tomato and cauliflower intakes, which rose from median intake of zero to two times between out-of-season and in-season periods.
In a setting where livelihood is largely dependent on agriculture, one might reasonably expect a direct, positive relationship between seasonal production and dietary intake. Yet, seasonal variation in diet was largely blunted in this Terai population. Multiple economic factors may be responsible for this. A large proportion of the Terai population in Nepal owns insufficient land for subsistence, requiring the poor to purchase food (26) . As such, most food expenditure is made on staple foods, with little remaining for purchasing fruits, vegetables, and animal-source foods (26) . Households supported by day-labour or tilling rented land or borrowing money to cope with shocks (e.g. prolonged illness or food insecurity) are also common in this setting (26, 27) and may not experience seasonal fluctuation in disposable income. While market availability and pricing of seasonal produce may fluctuate throughout the year, the food expenditure of the poorest segments of the population may not allow for incorporating those foods in the usual diet. Further, much remains to be described about the supply side of local markets, including food availability, variety, and pricing. Our findings highlight the inaccessibility of a diverse, nutritionally-adequate diet in this population and reinforce the existence of major gaps in knowledge about the agroeconomic dynamics that limit access to diverse food baskets in rural Nepal (28) .
Strengths and limitations
Strengths of the present study include its large sample-size, the use of an instrument prompting recall of 7 days of intake, and a novel attempt to separate, in one assessment, seasonal from year-round food intake patterns. Limitations of the study include the absence of data Figure 1 ; ‡ Number of women interviewed during in-season period for each food item about portion-size and reliance on the data on local farmers and resident focus groups rather than measured agricultural data to define in-season periods for foods. Nonetheless, we found interrelationships in expected directions between reported dietary intake patterns, arm-circumference, reflecting wasting and generalized nutritional stress, and socioeconomic status, supporting the plausibility of our food frequency distributions.
Conclusions
The present study reveals starkly inadequate yearround and seasonal dietary intakes among adult women in the Terai region of Nepal. While staple foods and accompaniments were usually eaten twice daily, intakes of vegetables, fruits, and animal-source foods were, with a few exceptions, very infrequent, especially among the poorer members of this rural society. These dietary patterns are consistent with chronic wasting malnutrition (29) and multiple micronutrient deficiencies (9,29) that have been repeatedly observed in this region of Nepal. Future studies are needed to examine relationships between seasonal agricultural production, market availability and price, dietary intakes and their causal pathways, and the effects of these factors on nutritional status of rural populations.
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